The Green and Golden Bell frog Utoria aurea is in major decline in Australia, where its distribution is now confined mainly to the east coast of New South Wales (NSW). Infection by the newly emerged amphibian fungal pathogen Batrachochytrium dendrobatidis has been identified as one of the main threats affecting L aureo. Surprisingly, some of the sites in NSW sustaining the largest populations of this species are industrial and urban habitats that are often disturbed and polluted, which could protect L aurea from chytrid infection if pollution had fungicidal capacity The aim of this study was to characterise the trace metal concentration of several L aurea breeding sites in the Sydney and Illawarra regions of NSW and to evaluate the fungicidal efficacy of the main trace metals identified. Selected L aureo sites were sampled throughout the breeding season (September to February) to establish the concentration of trace metals in both surface sediment and waters. Physico-chemical parameters including pH and salinity were also measured. Of the trace metals Identified, copper and zinc were consistently elevated across sites. Over 50% of sites exceeded the National Sediment Quality Guideline for both copper and zinc concentration, and over 90% of sites exceeded the National Water Quality Guideline for these metals. Consequently, we evaluated their effect on the grov/th and survival of a laboratory culture of ß. deridrobatidis.These tests were performed in media containing dissolved metal concentrations of 0.02 -0.65 mgL' Cu and 0.24 -5.0 mgL' Zn. Growth rates were inferred by total fungal density in liquid culture (based on spectral absorbance measurements), final dry weight, and the density of zoospores in fungal cultures grown for 28 days. Both copper and zinc were found to reduce the grov/th and proliferation of ß. dendrobatidis, but in a non-linear manner.This suggests that L aurea may be gaining some protection from ß. dendrobatidis infection at several of the sites examined. 
Introduction 8
The Green and Golden Bell frog Litoria aurea (Lesson 1829) has undergone a rapid 9 population decline in south-eastern Australia, where its distribution is now confined 10 mainly to the east coast of New South Wales (Department of Environment and 11 Conservation 2005) . Amongst the suspected threats to the survival of L. aurea, the novel 12 fungal pathogen Batrachochytrium dendrobatidis is considered to be particularly 13 In NSW, L. aurea is most abundant at sites that are located in current or former industrial 2 areas, and areas which can be considered highly disturbed (White and Pyke 1996; 3 Department of Environment and Conservation 2005) . The populations persisting in these 4 areas may either be resistant to B. dendrobatidis infection, or may live in areas which areused for sample preparation was filtered using 0.45 µm cellulose acetate filters (Sterile 1 Millex filter unit, Millipore), which had been washed with acid (2% v/v HNO 3 ). All 2 chemicals used to prepare solutions were of analytical grade and dissolved in Milli-Q 3 water. 4 5
Field sampling 6
Sediment and water samples were collected from the sites listed in Table 1 from October  7 through February 2005-06. Four to six replicates were taken per site depending on the 8 size of the water body. Sediments were collected from the top 5 cm of the sediment using 9 a polyethylene corer and placed into a 50 mL polyethylene container. Sediment pH was 10 recorded in situ using a pH probe (Orion 290) which was pre-calibrated using pH 4 and 9 11 reference standards. Surface water samples were taken between 1-2 m from the water's 12 edge. Water samples were filtered on site through pre-washed 0.45 µm cellulose acetate 13 filters into 50 mL polyethylene containers using 60 mL syringes (Terumo). Both syringes 14 and filters were pre-rinsed with the sample before the final sample was taken, and 15 samples were then acidified to 1% (v/v) HNO 3 . Sediment and water samples were kept on 16 ice immediately after collection and stored below 4ºC until analysis. In the laboratory, 17 sediments were dried at 50°C for 48 h, homogenized and sent to an external laboratory 18 for analysis (see below The antibiotics Penicilin G sodium salt (100 µgL -1 ) and Streptomycin (100 µgL -1 ) 19 (Sigma-Aldrich, Castle Hill, Australia) were added to the liquid media to prevent 20 bacterial contamination. The solid media used for inoculation was PmTG agar (1 g 21 peptone, 1 g ryptone, 2.5 g glucose, 5 g agar, 500 mL deionised water). Nutrient solutionswere autoclaved at 121ºC for 20 minutes before use. Fungal culture and liquid media 1 used in toxicity tests consisted of synthetic hard water and TGhl media. 2 3
The metal concentrations chosen for toxicity testing were based on results in the current 4 study, and were consistent with a previous study of water quality in L. aurea breeding 5 sites in the Illawarra (R. Goldingay unpubl. data). Solutions of each metal were prepared 6 using copper and zinc sulfate stock solutions, and contained TGhl media and synthetic 7 hard water. The pH of these test solutions was maintained throughout the experiment at 7.0 ± 0.5. 12
13

Inoculation and growth measurements 14
Before use in toxicity tests, the B. dendrobatidis culture used was standardised to an 15 optical density of 0.06 by diluting the stock culture with Milli-Q. All measurements of 16 optical density were taken using a UV/Visible Spectrophotometer (Ultrospec 2100 pro) at 17 a wavelength of 495 nm using a 1 cm cell (Piotrowski et al. 2004 removed from each replicate (n=4) and the density of zoospores (cells.mL -1 ) was 4 measured using a haemocytometer (Marienfeld 0.0025mm 2 ). At the termination of the 5 experiment, all fluid remaining in vials was filtered through pre-dried and weighed filter 6 papers (55 mm Whatman filter papers), and the dry weight of the B. dendrobatidis 7 remaining in the vials determined after oven drying at 60 °C for 24 h. 8 9
Metal determinations 10
All analyses were conducted by Environmental Analysis Laboratories (EAL), Southern 11 Cross University, NSW, which is a NATA accredited laboratory (accreditation number 12 14960). Sediments were analysed for acid extractable trace metals (mg/kg dry weight) by 13 digestion with a weak acid (1M HCl), as described in Simpson et al. (2004) . Water 14 samples and toxicity test solutions were analysed directly for their dissolved metal 15 concentration (µgL -1 ). All metal concentrations were determined by Inductively Coupled 16 Plasma-Mass Spectrometry (ICP-MS), with the exception of Fe and Al, which were 17 quantified using Inductively Coupled Plasma-Optical Emission Spectrometry (ICP-18 OES). For quality control purposes, replicate samples and blanks were analysed and 19 were found to be within agreement (<5% standard deviation). 20
Statistical analysis 1
A one-way analysis of variance (ANOVA) was used to determine whether the optical 2 density of trace metal treated vials and controls differed at Days 2, 6, 14 and 28. 3 Variations in number of zoospores produced (cells mL -1 ) after Day 14 and Day 28, and in 4 dry weight (mg) between controls and trace metal treated samples after Day 28 were also 5 investigated via a one-way ANOVA. Significant differences between groups were further 6 analysed using a Tukey-Honestly Significant Difference test. Data were investigated for 7 normality by inspection of the distribution of residuals and a Shapiro-Wilks test. Any 8 data not normally distributed were transformed using a log (x+1) transformation. 9 10
Results
11
L. aurea habitat qualities 12
The pH range of sediment within L. aurea habitats varied widely, ranging from pH 5.9 at 13
Industrial Site 2 to pH 9.1 at South Pond (Table 2 ). Many trace metals were also 14 identified in the sediment of the L. aurea habitats (See Appendix Table A1 for all metals  15 analysed), several exceeding the limit of the National Sediment Quality Guidelines 16 (ANZECC and ARMCANZ 2000) , with over 50% of sites exceeding the guidelines for 17 concentrations of cadmium, copper, lead and zinc (Table 2) . 18 19 Physico-chemical water parameters varied throughout the breeding season at all sites 20 (Table 3 ). The site with the most acidic waters was Killalea Lagoon, with a pH of 6.01, 21 and the most alkaline site was South Pond with a pH of 10.24. All other sites only 22 deviated slightly from acceptable Freshwater Quality Guidelines (ANZECC and 23 ARMCANZ 2000) , at near-neutral pH values. The salinities at most sites remained fairly 1 constant at below 2 ppt throughout the season, except at Towra Point (40 ppt), which was 2 also the most shallow. All other variables measured deviated from acceptable values 3 listed by the National Guidelines (ANZECC and ARMCANZ 2000), further indicating 4 that the habitats sampled were of poor water quality. Of the trace metals identified in the 5 waters of L. aurea habitat, several were consistently elevated across sites (Table 3 ; see 6
Appendix Table A2 for all metals analysed). In particular, 12.5% of sites exceeded the 7 limit of the National Freshwater Quality Guidelines for lead, 94% of sites exceeded the 8 guideline for copper, and 100% of sites exceeded the guidelines for zinc (ANZECC and 9 ARMCANZ 2000) . 10 11
Toxicity of copper and zinc to B. dendrobatidis 12
Copper had an acute inhibiting effect on fungal growth, but this inhibition diminished 13 over the 28 days (Fig 1) . The growth rate of copper-exposed B. dendrobatidis was very 14 slow for the first six days, as revealed by optical density decreasing slightly between Day 15 0 and Day 2, after which no growth was observed until Day 6. Growth increased rapidly 16 between Day 6 and Day 28 where the control treatment (0.02 mg L -1 Cu) had the highest 17 final optical density of all treatments. However, none of the treatments differed 18 significantly in optical density compared to the controls after Day 2, 6, 14 or 28 (all were 19 F 4,15 > 0.67, p > 0.40). The lack of significant differences between treatment groups was 20 influenced by high variation among replicates, as indicated by the large standard errors 21 (Fig 1) . 22
There was a similar initial decrease in optical density of B. dendrobatidis exposed to zinc, 1 with no growth evident until after Day 6 (Fig 2) . Fungal growth was substantial after Day 2 6, reaching a growth plateau by Day 14 and maintained until test termination on Day 28. 3
There was no significant difference between treatments when compared to controls after 4 Day 2, 6, 14 or 28 (all were F 4,15 > 0.07, p > 0.11). Again there was considerable 5 variation among replicates, resulting in high standard errors (Fig 2) . None of the fungal 6 cultures in the zinc treatment grew as densely as those in the copper treatments. 7 8
The recolonisation of B. dendrobatidis was evaluated by visual inspection of agar plates 9 that had been inoculated with a 1 mL aliquot of each treatment group. There was no 10 effect of the copper or zinc exposure at any concentration examined on the recolonisation 11 ability of B. dendrobatidis after either Day 14 or Day 28. 12
13
The dry weight of copper-treated B. dendrobatidis at Day 28 ranged from averages of 5.6 14 to 6.8 mg over the range of test concentrations (Fig 3a) however, there was no significant 15 effect of copper concentration on fungal dry weight (F 4,15 = 0.986, p=0.445 (Fig 4b) . Although there was a tendency for zoospore density to decrease as 8 zinc concentration increased, these differences were not statistically significant. 9 10 Discussion 11
L. aurea habitat qualities 12
The L. aurea habitats most commonly used in the Sydney and Illawarra regions had 13 physico-chemical conditions and elevated metal concentrations that should be detrimental 14 to B. dendrobatidis. The optimum pH range for growing B. dendrobatidis is between 6 15 and 7 (Piotrowski et al. 2004) . Both the sediment and water pH values in most sites fell 16 outside this optimum range (11 of 16 sites had sediment pH in excess of 7; 14 of 15 sites 17 had water pH in excess of 7; Tables 2 and 3 ). Most L. aurea sites were in close proximity 18 to the ocean, except those in Sydney Olympic Park, and as such they are subject to either 19 periodic tidal inundation or exposure to salt spray. Previous research by Johnson et al.. 20 (2003) showed that B. dendrobatidis does not survive exposure to high concentrations of 21 sodium chloride. This suggests that the salinity and pH of the L. aurea habitats from thisstudy could hinder the growth of B. dendrobatidis, restrict its distribution, and/or inhibit 1 its ability to infect amphibians. 2 3 Previous in vitro studies of metal toxicity have demonstrated that copper, zinc, cadmium 4 and lead can be fungicidal (Falih 1997; Cairney et al. 2001; Gharieb et al. 2004) . 5 Accordingly, the concentrations of these metals detected in L. aurea habitats have the 6 potential to hinder the growth of B. dendrobatidis. What is unknown, however, is the 7 extent to which sediment-based metals may affect B. dendrobatidis compared to water 8 borne metals. There is evidence that fungi inhabiting soils are less sensitive to several 9 trace metals than those inhabiting water (Hoiland 1994; Miersch 1997) It is also recommended that B. dendrobatidis be exposed separately to water and 13 sediment collected at L. aurea breeding sites to see if their chemical characteristics affect 14 fungal growth. The water and sediment should also be used in combination to further 15 deduce pathways of toxicity to B. dendrobatidis. If these locations prove to ameliorate the 16 effects of an infection, or prevent one from occurring, they would verify the importance 17 of these sites for the conservation of the species and perhaps provide characteristics that 18 can be used to identify alternate sites that can be used for future translocation. 19 20 Finally, to further establish the importance of sites that currently support bell frog 21 populations, it is recommended that they be examined for the presence of B. 22 dendrobatidis infection. This may involve taking skin scrapings from L. aurea for 23 histological studies or for specific polymerase chain reaction-based assays, which would 1 confirm infection in the skin of the amphibian (Annis et al. 2004; Berger et al. 1998 SOP-BrickPit 8.6*-9.0* 1.6 4 ± 1* 1 ± 0 35 ± 13* SOP-Narrawang 7.5 -8.5 1.7 3 ± 2* < 0.01 10 ± 2* SOP-NWF 7.6-9.1* 0.3 3 ± 0.4* < 0.01 23 ± 1* Towra Point 7.2-8.7* 40 < 0.05 1 ± 0.2 11 ± 1* Bellambi Lagoon 7.1-8.7 0.3 3 ± 0.5* < 0.01 48 ± 27* Coomaditchy Lagoon 7.7 -9.1* 0.2 7 ± 0.6* 1 ± 0.2 38 ± 10* Killalea Lagoon 6.0*-9.1* 0. (n = 4). Cell densities were counted using a haemocytometer. Letters in graph A that 9 differ denote trace metal concentrations that significantly differed in their effects on 10 zoospore density at α < 0.05. 11 
